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© Homogeneous biospecific assay method using lanthanide chelates as labels. 

© Method for a homogeneous biospecific affinity assay for determining the content of a substance (analyte) in 
a biological sample. The assay is carried out in an aqueous reaction medium by means of time-resolved 
fluorescence spectroscopy and with a biospecific affinity reactant labeled with a lanthanide chelate in which a 
lanthanide ion exhibiting ionic fluorescence is chelated by a ligand bound covalently to the reactant. The 
characteristic feature is 

(i) that the lanthanide chelate formed by the lanthanide ion together with the covalently bound ligand 
forms a fluorescent chelate, and 

(ii) that a modulator is added which stabilizes the lanthanide chelate so that the lanthanide 
fluorescence as measured from the medium becomes a practically pure function of the analyte concentra- 
tion therein. 
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HOMOGENOUS ASSAY METHOD UTILIZING BIOSPECIFIC AFFINITY REACTIONS 

Technical field of the invention and prior art technique 

T ne tnv,n«on is concern* - a hont oge™ - "W^jSfS. 

having an indicatable group and by properly adjusting JE^SE* complexes resulting 

conditions such that the ^f^^^^Tc^^^ measure of the anaiyte 
from the immune react.on and the amount of compiexea m « £ immunocomplexed 

measuring the marker group signal irom a tauwo nhv-sical seoaration of labeled immune 

the reaction medium. This measuring step .s not preceded by ^PjJ^Jfj; labeled immune 

accepted imntonoenemicat tool ooring the last ten years (Hernmrta. I. CM. Bom spec 
7£ and are totally unsuitable because they have no such fluorescence propert.es. In view of 

-VS. -te DELFIA® .see, pnaceoete (Wettae 0». 
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Turku. Finland) has solved the stability problem and water problem. In its form as described up to now, 
DELFIA® uses non-fluorescent lanthanide conjugates bound covalently to an immune reactant In the 
DELFIA® procedure the lanthanide ion is released from its chelating ligand and is made to exhibit a 
fluorescence in an aqueous medium together with a developer consisting of (a) a detergent, (b) a chelating 

5 compound with which the lanthanide ion employed gives fluorescence and (c) a synergistic compound. The 
intensity of the fluorescence and half-life depend not only on the analyte but in addition on the pH, on the 
detergent, on the synergistic compound and on the chelating compound (see inter alia Halvarson et al., J. 
Chem. Phys. 41 (1964) pp 157 and 2752, and Hemmila et al.. Anal. Biochem. (1984) pp 335-343). 

Up to the present date there is only a somewhat scanty literature dealing with homogeneous 

w immunochemical methods which utilize time resolved fluorescence spectroscopy and lanthanide chelates. It 
has been shown, however, that the ligand field surrounding the lanthanide ion affects both the intensity and 
the lifetime of the fluorescence (Filipescu et al., J. Phys. Chem. 68 (1964) 3324; Crosby et al., J. Chem. 
Phys. 34 (1961) 743 and J. Phys. Chem. 66 (1962) 2493; and Lovgren et al., Alternative in Immunoassays, 
Ed.: Collins W P, John Wiley & Sons, Chichester (1985) 203). It may, therefore, be expected that the 

75 physical properties of fluorescent lanthanide chelates employed as marker groups in homogeneous 
immunochemical methods will potentially undergo changes consequential to an immune reaction. When the 
ligand field around the lanthanide ion brings about a change in energy absorption then the effects on 
properties which are relevant for energy transfer and emission will be predictable. This will affect the 
intensity and lifetime (half-life) of the lanthanide ion fluorescence. We have previously shown that the 

20 aforesaid assumption is correct, inasmuch as we have had some success in employing europium-labeled 
chelate as a marker group in homogeneous methods (Soini E et al. US-A-4, 587,223). In that case we used a 
chelating ligand bound covalently to insulin (immune reactant), this being a ligand of the type that is unable 
to absorb and transfer light energy to a chelated lanthanide ion but forms very stable lanthanide chelates. 
Thus, the chelate of covalently bound ligand plus lanthanide ion (Eu 3 *) exhibited fluorescence only if 

25 additional ligands were present which were capable of absorbing and transferring light energy to the 
lanthanide ion. It has not yet been possible to provide this type of lanthanide chelate in the form of a 
commercial product utilizing the homogeneous technique in conjunction with time resolved fluorescence 
spectroscopy. 

EP-A-1 95,143 (Example 19 pp 32-33, and claim 20) describes a homogeneous immunochemical 
30 method employing fluorescent lanthanide chelates. It is not clear from the text whether or not recourse has 
been had to time-resolved fluorescence spectroscopy. The said example is only a model experiment 
carried out in the absence of ail such disturbing components that may be present in any normal sample. 

In the Soini et al. specification (US-A-4.374.620) there is some speculation - without experimental 
support - that the immune reaction between lanthanide chelate labeled reactant and its immunological 
35 counterpart might affect the fluorescence signal. 



Object of the invention 

40 The object of the invention is to provide improved homogeneous immunochemical assays of the type 
set forth in the introduction of the present specification. With the aid of the invention time-resolved 
fluorescence spectroscopy may . be used for determining analyte concentrations of below 1x1 0~ 4 M. 
According to one main aspect of the invention a method is provided for stabilizing lanthanide chelates within 
the technical field contemplated, so that solely the analyte will affect the measurable delayed fluorescence. 

45 This aspect, thus, involves a neutralization of the negative effect on fluorescence that may be exerted by a 
major number of the substances occurring in a biological sample. According to a minor aspect of the 
invention, a method is provided which prevents water from quenching the fluorescence from lanthanide 
chelates. 

50 

The invention 

The invention has substantially two characteristic features; 

(i) The ligand bound covalently to an immune reactant is to be capable of absorbing light energy 
55 which is transmissible to the chelated lanthanide ion so as to enable said ion to exhibit its characteristic 
ionic fluorescence. 
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do not stem from the eneWe-eontalning sample must be edded » «^f° n " u 7 h '"„ u0 , escemo . a « e ce^ 
end ot . type «x* that the meaeurcbte .uorceoenee « « ■ or ^ •^^oToeequeaoe. thehuores- 

rrrr:»- — - - — » 

medium and thus also in the sample. 

The te rm "reaction medium" refers to the medium <n ^ *e « T^ 1 ^ 
assays are carried out in -f^^E ^IL^^l*-'."* may be an 
substances entrained from the sample, the medium «*«™ components etc. One of the immune 

analyte anaiog or an antibody d ' re «^^ as chelates of heavy 

^TZ^^S fuSncZe aSy potential fiuorescence inhibition 

caused by an immune reaction. 
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Lanthanide chelates 
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Lanthanide ions: As stated above these ions „ setected £ « = ^J^^ 
Ligand: In view of the vast potent.ai of Ian han.de chelates as marxer ^gr p. comp0 unds 
numbe'r of compunds has bean published ^^^^^^^^JL to correlate the 
can be used to replace the f^XtSl^^ and trlns fer light energy to a che.ated 
structures of various compounds with their ability to bob ev j de ntly every kind of 

■anthanide ion. The results have been somewhat ^ b ^"°" S a ^ f m ° une reactant will be apt to affect the 
modification of a ligand. and so also the coupling thereof to an .mmu j^ototj^b P 
fluorescence. Consequent.y experimental trials are alway * ^^^^"^ taand should contain an 
is suitable. From the point of view of spectroscop ^J^^S!9»1iS °? 250-390 nm. desirably 
aromatic structure absorbing excitation energy at JjJ^JjJ^JS SS. the emitting level of the 
300-350 nm. The ligand should have an i""""*^ SS^icuS have heteroaloms such as 
lanthanide ion. For an efficient energy transf J^TJ^J! t°an-0 or phenolic hydroxyl). A 
nitrogen pyridine-. I or aromatic ^^"^ JS^Sc ring or to aconjugated system of 
heteroatom thus may either be part ot or De oirecuy uuu heteroat0 ms which together with one of 

double or triple bonds. At the same time there shouW Ita torthw ^JJ^S f*e- or sfx-membered rings 
said first-named heteroatoms are able to chelate a ^thamde ion so that then five 
35 w,.l oe formed. The ligand has to contain at "-"J* «J ^STJJ ca boxyl. sulfonate, phosphate, 
heteroatoms. and these may be selected from among y^ ms (e . g . 

pnosohonate. ether. -N * " ^"and suHur fe Q C = S) ComVounds haling the structure in question and their 

- and « 3 e P t a, FR-A- 

poration. EP-A-171. 978 Kank *^ * a ..I * examples of specific groups of compounds may 

ring or a pi-electron system conjugated to that ring. 
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Modulator 



• • k flCQ H nn the conceDt that a fluorescence-modulating substance (modulator) shall 
constituents other than analyte will become negligible. 
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The amount of modulator should be a functional excess over the (varying) amounts of fluorescence- 
affecting substances from the sample - for the purpose that the modulator added should efficiently prevent 
any such other substances from binding to the lanthanide chelate and thus affecting the fluorescence signal. 
However, it ought to be mentioned that too large an excess of modulator may have the result that the 

5 fluorescence turns out to be practically independent of the analyte concentration. The concentration optima 
depend i.a. on the affinity constants of the modulator and lanthanide chelate inter se and of the labeled 
immune reactant and its immunological counterpart inter se. The optima normally can be found in the 
concentration range O.t-10 g modulator per litre. 

From the above it is clear that the cooperation between the modulator och chelating ligand is complex. 

10 Pretrial experiments with different modulators and modulator concentrations are therefore required to 
determine the optimum conditions. See the experimental portion of this specification. 

In the experiments we have made up to now we have preferred to use a modulator enhancing the 
fluorescence intensity from the free labeled immune reactant. The immune reaction will usually then result 
in a weakening of the fluorescence, and this type of modulator has thus provided the possibility of 

is measuring the amount of free labeled reactant. If the labeled reactant is an analyte analog having an 
epitope in common with the analyte and if the amounts are chosen such that the analyte and its analog 
have to compete for an immunological counterpart directed against the epitope (i.e. an insufficient amount 
of the counterpart), then an increased analyte concentration will give an intensified fluorescence. 

In other embodiments of the invention it may be possible to select modulators that decrease the 

20 fluorescence. 

Examples of suitable modulators are macromolecular substances, such as proteins, and detergents. 

It is a well known fact that proteins are capable of binding to aromatic structures, especially in low 
molecular compounds. Examples are albumin and globulins. The binding of the protein with the lanthanide 
chelate should preferably be of a non-immunochemical nature although this is not necessary. What is 
25 important here is that the protein must not bind too strongly to the analyte epitope to be utilized. 

In view of the fact that serum samples contain large amounts of albumin it is a requirement for serum 
samples in general, in cases where albumin is employed as modulator, that the concentration of added 
albumin should not be more than 2-10 times the concentration of the albumin from the sample itself, the 
absolute amount depending on the extent to which the sample is diluted when the reaction medium is 
30 admixed with the sample. A valuable help for a person skilled in the art is knowing that the total protein 
content in serum amounts to 4-7 %. 

Detergents are compounds having a hydrophobic end and a hydrophilic end. They reduce surface 
tension and will form micelles when present in a sufficiently high concentration. The detergents used as 
modulator in the invention may be selected from among the non-ionic or ionic (anionic, cationic and 
35 amphoteric ones). Their molecular weights may exceed 1 000 or even 5 000 daltons. High molecular 
detergents may be able to more efficiently prevent the quenching effect of water. It is often practical that 
the detergent concentration exceeds the critical concentration of micelle formation. 



40 Samples 

The samples that may be used in the context of this invention are the same as those used in ordinary 
immunochemical assays. As examples may be mentioned urine, plasma, serum, CSF, lymph etc. The 
greatest advantages of the invention are obtained in the cases of samples containing large amounts and 
45 large variations of protein, e. g. serum and plasma. 



Other additions to he reaction medium 

so The pH of the reaction medium is within such a range as is commonly employed in immunochemical 
assays. Too low a pH should be avoided as this would tend to cause dissociation of the lanthanide chelate. 
By rule of thumb, the pH should lie in the range of 6-9. A person skilled in the art knows how to choose an 
optimum pH with respect to the antigen-antibody pair to be employed and with respect to how the 
fluorescence of a given system will be affected by the pH. The reaction medium is buffered to the optimum 

55 pH in a manner known per se. Excepting the chelating ligand strongly complexing agents should be 
avoided as they would tend to promote dissociation of the lanthanide ion from the labeled reactant. 
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Analyte 



?s resolved principle. 

Example 1 Production of activated thyroxine (T*) 

ester ( - activated thyroxine). 
'H-NMR, 400 MH, DMSO-d 6 . : 1.05 - 2.05 (m. 10H), 2.59 (s.lH), 2.62 (t. 2H). 2.81 (S.4H). 3.06 (dd. 2H). 
30 7.05 (S, 2H), 7.74 (S, 2H). 

Example 2 Production of activated triiodothyronine (T3) 

The N-hydroxysuccinimide ester of the monoamide of suberic acid with triiodothyronine (T 3 ) was 
prepared in a manner analogous to that described in respect of thyroxine. 

Example 3 Activation of steroids 

p' y rro»dyl)enamine as intermediate (Janoski et a... Steroids 23 (1973). 49-64). 
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Example 4 Labeling of progesterone 

ourified bv means of TLC (acetonitrile-water, 4:1 v/v as the eluant). 

" Ta similar manner tie Tb^ chelate of ligand (II) was coupled to progesterone so as to form the 
conjugate (IX). Purification was performed by means of TLC (acetonrtnle-water, 4:1 v/v). 



Example 5 Labeling of Cortisol 
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Activated Cortisol from Example 3 was coupled with the Eu 3 * chelate of ligand (V). Coupling was 
effected in dioxane-water, the product (X) then being purified by means of TLC. 

In a similar manner the Eu 3 * chelate of ligand (VII) was coupled to activated Cortisol from Example 3, 
and again in a similar manner the Eu 3 * chelate of ligand (V) was coupled to cortisol-21-hemisuccinate. The 
5 products obtained were (XI) and (XII), respectively. 



Example 6 Labeling of thyroxine 

70 Activated thyroxine from Example 1 was coupled to the Eu 3 * chelate of ligand (V) in dioxane-water, 
whereupon the product (XIII) could be purified by means of TLC. In a similar manner Tb 3 * chelate of ligand 
(I) was coupled to give product (XIV). 

75 Example 7 Labeling of triiodothyronine (T 3 ) 

Activated T 3 from Example 2 was coupled to the Eu 3 * chelate of ligand (V) according to the same 
method as that described for thyroxine. The product (XV) was purified by means of TLC. 
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Example 8 Relative fluoroscence of labeled compounds produced 



Protein and detergent effects on the fluorescence outputs of the labeled compounds were tested in a 
buffer (50 mmol/liter Tris-HCL pH 7.75, containing 9 g/liter NaCI and 0.5 g/liter NaN 3 ). The results are set 
25 forth in Table I. In addition to detergents, other factors influencing the relative fluorescence are the buffering 
ions employed and the pH chosen. Proteins are very special items in this context inasmuch as their effects 
are more potent and may easily override the effects of other modulators. Therefore if a system contains 
proteins as e. g. in cases of assays for analytes in plasma, serum, urine and similar samples, modulation of 
the fluorescence signal is preferably carried out with protein. 



Table 1 



Fluorescence yields of different hapten-chelate conjugates in buffers containing albumin or detergents. 

Tris-HCl buffer + 



Conjugate BSA Tween® 20 SDS Cetylpyridine 
0,5 % jOjj. % 1_ % 0.1 % 

cps cps cps cps cps 



VIII 


9 


600 


17 


600 


9 


900 


8 


200 


18 


600 


IX 


3 


200 


22 


500 


111 


000 


14 


100 


4 


ooo 


X 


8 


500 


119 


300 


10 


300 


7 


700 


12 


200 


XI 




920 


3 


600 




880 


9 


500 


1 


190 


XII 


2 


200 


4 


500 


2 


300 


2 


270 


3 


20O 


XIII 




370 


10 


600 


1 


200 




400 


1 


050 


XIV 


2 


040 


40 


510 


2 


060 


2 


960 




450 


XV 




430 


17 


400 


1 


370 




350 


1 


200 
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Pv^mnift 9 Effect of protein concentration on fluorescence of the conjugates 

Example 10 Inhibitory effect of monoclonaj anJMftyroxIne ^ntlbodles on the fluorescence from labeled 
thyroxine (Xill) 

Monoclonal anfi-thyroxine antibodies were incubated with .abeled thymine W^nc£*J^ 
performed in a succinate buffer (0.1 mol/liter., pH 6.0) m the presence of 2 /c BSA (w/v). Tne annoooe 
caused inhibition of the fluorescence as shown in Figure 2. 

Example 1 1 Dose-response curve of thyroxine 

The buffer system and labeled thyroxine were the same as in Example 10. An amount ° f ^V™" 6 
*ntJ 0 dv was used such that the antibody inhibited 80 % of the fluorescence intensity. 20 ul standards jO 
^^JTe^^Hn^ diluted in normal human serum that was free of T* were added to 200 
i?'a7sa^buff^ (senate. 0.1 mol/liter pH 6.0, containing 0.9 % NaCI (w/v), 0.2 % merth.oiate Jw/v) 5 
lSE?i££ thy-xine and 2 % BSA (w/v)) containing antibodies. The change «*. mtensrty of 
^fluorescence as a function of added thyroxine was measured after 30 mmutes of .ncubafon at + 20 C. 
Dose-response curve, see Figure 3. 
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Example 12 Dose-response curve of triiodothyronine 

m a wav similar to that described in Eample 11, a dose-response curve could be constructed for 
trfiodomvrol >£* buffer (0.1 M succinate. pH 6.0, containing 2 % BSA, 0.2 % thiomersal 2 % 
ZSTFStSP Tabeled triiodothyronine (XV) and polyclonal anti-T 3 antiserum were mcubated w* 20 
S^iSiS. incubation was allowed to proceed for 1 hour at room temperature. A 
curve could be c 0nstrU cted by means of measuring the intensity of the fluorescence as a funct,on of the 
amount of added T 3 . 



ExamDle 1 3 Dose-response curve of Cortisol 

'"manner analog, to that of the preceding examples with T* ^J' J^^TT^ %' ' 

' sw»^-~ 5 ™ SSS elf Sffi 

~~=£5 ^~r,^=r a wares.-.? ss 
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BSA. Concentrations of Eu 3 * -labeled Cortisol varied between 
minutes at +20° C. 

Example 14 Labeling of anti-T* antibodies with Cu 2 * and Cr^ 

Purified anti-T* IgG was labeled with Cu** or Cr 3 * respectively by means of a Afunctional chelating 
rJSFiiStosi* benzyl-DTTA (see further in ^^^^J^St^li 
rarhonate buffer 50 mmol/liter.. pH 9.8, with a 100-fold molar excess of the reagent chelated w, h Cu or 
SFS?. S ^.ab^rtibodJwere purified from starting materia, by means of gel filtrafcon (Sephadex 
G50. 1 ,5 x 30 cm). 

15 Inhibition of fluorescence from labeled thyroxine by means of energy fransfer to Cu£ or Q£_ 
Fluorescence inhibition due to antibody binding to analyte could be reinforced with the aid of suitable 
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energy acceptors, for example heavy metals bound to the antibodies. An increase in fluorescence could be 
observed when Eu 3+ labeled T* (XIII) was subjected to titration with unlabeled antibodies in a buffer that did 
not contain any other proteins (Figure 5). This increase could be partially suppressed if Cr 3 * labeled or 
Cu 2 * labeied antibodies were employed (Figure 5). 
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Example 16 Assay of estrone-3-glucuronide in urine 

During the priority year the invention has been applied to this analyte. Modulator: BSA 5 g/liter. 

Explanation of Figures: 

Figure 1: Fluorescence of some Eu 3 * and To 3 * labeled biologically active compounds as a function 
of protein concentration (BSA). The conjugates tested were Eu 3 * labeled Cortisol (X) (O), Eu 3 * labeled T* - 
(XIII) (a), Tb 3 + labeled T* (XIV) (■), and Eu 3 * labeled T 3 (XV) (.). Conjugate concentrations were about 10 
nmol/liter. 

Figure 2: Anti-T* antibody dilution curve. Inhibition as obtained by titration of Eu 3 labeled T* (XIII) 
with anti-T* antibodies. The titration was performed in a succinate buffer (0.1 mot/liter, pH 6.0 f in the 
presence of 1 % (w/v) BSA. 

Figure 3: Dose-response curve of a homogeneous T 4 TR-FIA (= time-resolved fluorescence 

immunoassay). 

Figure 4: Dose-response curve of a homogeneous T 3 TR-FIA. . 

Figure 5: Effect of nonlabeled (.). Cu 2 * labeled (O) and Cr 3 * labeled (A) antibodies on the 
fluorescence from Eu 3+ labeled T* (XIII) in a buffer not containing protein. 
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Structural formulae of synthesized compounds 
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Compounds (I) to (VII) 
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Compound 


R 1 


R 2 


I 


H 


CONHCH 2 CH 2 NH 2 


II 


H 


CH 2 NH 2 


III 


NH 2 


H 


IV 


NH 2 


CH 2 NH 2 


V 


NH 2 


COCH 2 CH 2 NH 2 


VI 


NH 2 


CONHCH 2 CH 2 CH 2 CH 2 CH 2 CH 2 NH 2 


VII 


OH 


CONHCH 2 CH 2 NH 2 
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In formulae VIII to XV 
R = Methyl 
Ac - Acetyl 




coo 

Chelated metal ion 



R 3 = _ c ^ c -/r*)u C °° set forth in the Ex 

/ -COO~ amples 

- N 

^-coo" 
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Claims 

1. Method for a homogeneous biospecific affinity assay for determining the content of a substance 
(analyte) in a biological sample, said assay being carried out in an aqueous reaction medium by means of 
time-resolved fluorescence spectroscopy and with a biospecific affinity reactant labeled with a ianthanide 
chelate in which a Ianthanide ion exhibiting ionic fluorescence is chelated by a ligand bound covalently to 
the reactant, characterized in that he Ianthanide chelate formed by the Ianthanide ion and the covalently 
bound ligand exhibits fluorescence, and that a modulator is added which stabilizes the Ianthanide chelate so 
that the Ianthanide fluorescence as measured from the medium becomes a practically pure function of the 
analyte concentration therein. 

2. Method according to claim 1, characterized in that the analyte to be assayed has a concentration 
below 10~ 4 M in the reaction medium. 

3. Method according to either of claim 1 or 2. characterized in that the Ianthanide of the Ianthanide 
chelate is Eu 3 \ Tb 3 \ Sm 3 * or Dy 3 * and that the chelating ligand of the chelate has a structure which 
contains a heteroatom having a free electron pair, said heteroatom being selected from the group consisting 
of nitrogen, oxygen, phosphorus, sulfur and being bonded in a manner such that the free electron pair is 
capable of delocalizing to a conjugated system of pi-bonds. 

4. Method according to any of claims 1-3, characterized in that the modulator is a protein such as 
globulin or albumin. 

5. Method according to any of claims 1-4, characterized in that the modulator is albumin. 

6. Method according to any of claims 1-5, characterized in that the modulator is a detergent selected 
from the group consisting of anionic, cationic, neutral and amphophilic detergents. 

7. Method according to any of claims 1-6, characterized in that the modulator chosen is such that it will 
stabilize the chelate against coordination of water so as to thereby enhance fluorescence. 

8. Method according to any of claims 1-7, characterized in that the modulator chosen is such that it will 
stabilize the chelate against fluorescence-affecting substances present in varying amounts in the samples in 
which said analyte occurs and is to be assayed. 

9. Method according to any of claims 1-8, characterized in that the reactant labeled with the 
fluorescence Ianthanide chelate is a hapten. 
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